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ABSTRACT
[Spoiler alert:] On January 18, 2000, a meteoroid 4 meters in diameter hit the Earth's
atmosphere and exploded over the Yukon Territory in northern Canada. The size of the
fireball and the contrail that it left behind caught the attention of meteoriticists, who suspected
it was a carbonaceous chondrite. Amongst the public, however, reactions to the event were
varied, and conspiracy theorists emerged, claiming that the meteor had been a failed weapons
test conducted by the United States military. A week after the fall, outdoorsman Jim Brook
discovered black meteorites on the frozen surface of Tagish Lake, in northern British
Columbia. He kept the stones pristine: frozen and untouched-a first for any meteorite fall.
He made his discovery known to a few scientists only after they agreed to confidentiality, and
those scientists confirmed that he had found a carbonaceous chondrite. Alan Hildebrand and
Peter Brown put together an expedition to recover more fragments of the rare meteorite,
interviewing eyewitnesses to reconstruct the trajectory of the bolide, but recovery efforts were
hampered by deep snow. A second expedition returned in the spring when, for a short
window, the fragile chondrites were exposed on the melting lake ice, and collection was
successful. The secrecy surrounding these expeditions contributed to the idea that a cover-up
was taking place; that the meteorite was not real. But scientific analysis, conducted by Mike
Zolensky and many others, has proven otherwise. The Tagish Lake Meteorite appears to be a
new type of meteorite, with ties to CI and CM type chondrites, possibly from the D type
asteroids. It has the highest concentrations of carbon observed in any extraterrestrial sample,
and an abundance of presolar grains. Rich in extraterrestrial organic compounds and
containing distinct hollow organic globules, the primitive meteorite has brought a mini-
revolution to the field of meteoritics. It may help us understand the beginnings of the solar
system and the origins of life on Earth. The story of the fall, recovery and the study of this
meteorite highlights the necessary uncertainties of the scientific method, and the relationship
between science and the general public.
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Morning Light - The Secret History of the Tagish Lake Fireball
Looking up to the sky
Hundreds ofyears ago
I beheld a spectacle
Of a fantastic nature.
It was almost as if
The Northern night sky
Was raining with light.
It was an eerie, mysterious thing
Yet until myth or science
Told me otherwise
I let mysteries be.
-Stephen Badhwar, Atlin resident, 2000
Jim Brook pushed south in his green '81 Chevy. The sun had disappeared behind the
mountains of the western shoreline, and twilight was settling in. The ice was getting rougher
now too; in the north it had been smooth and solid, but here there were patches of crusted
snow that collapsed beneath his tires, and strange shapes, scalloped by the winds, that
morphed with the passing of his headlights. A few drifts of snow stretched across the frozen
lake, and he picked up his speed to ram through them. It was some sixty kilometers back up
the valley to where he'd left the road. If he got stuck, he was on his own.
At first he didn't really see them. Hoar frost and uneven patches of ice rushed past the
truck, and he dismissed a few as tricks of shadow and light. But one was unmistakable, a dark
form perched on top of a smooth patch of crusted white snow. It was too far out on the lake
to have come from shore, and there were no tracks leading up to it. He knew immediately
what it was, but there was no way he could have realized its significance. He slowed to a
stop, put his truck into neutral, and stepped out onto the ice.
*
The darkest months of winter are a quiet time in the Yukon Territory. As the northern
hemisphere leans away from the sun, shadows rise up from the valleys and engulf the frozen
landscape in their calm. Snowfalls mute the forests and silence the murmuring of mountain
streams. In the crisp chill of a clear night the stars are almost audible.
Most of the people live in Whitehorse, a city of about 23,000 on the banks of the
Yukon River. Weekday mornings, the arteries into town fill with traffic. The red taillights of
car after car stretch like rubies on a string across the dips and around the curves of the Alaska
Highway as residents commute in to the downtown core. The sun appears later, skirting the
peaks of the southern horizon, as if to check on the place before heading south again. In the
evenings, Whitehorse exhales. Streams of headlights spill back out, carrying residents into
the clusters of country residential homes that surround the city. There's a rhythm to the
season that the people have grown accustomed to.
But on the morning of January 18, 2000, just after a bright waxing moon disappeared
behind the western horizon, that rhythm was interrupted. For about ten seconds, the night sky
flickered with powerful blasts of artificial daylight. A white light appeared in the north and
skimmed south across the sky, exploding in a series of violent flashes. Commuters stopped
on the highways and traffic halted in the streets. People stepped out of their vehicles and
stared up in amazement. Others were indoors; they saw the landscape outside light up
through kitchen, bedroom and office windows, or they saw shadows and sudden blue
highlights shifting through their homes, and they hurried outside to see what was happening.
In every town people filed into the streets, and they gazed up at the radiant contrail that hung
in the sky. It lingered for more than a half hour, gleaming amidst the starry sky in the light of
a yet unrisen sun as it lost its shape to the winds of the upper atmosphere.
The phone calls started immediately. With the contrail still bright, eyewitnesses called
friends; they called the authorities; they called scientists; they called the media. Authorities
and scientists and media all called each other, trying to nail down what had just happened.
The phone lines at the local radio station of the Canadian Broadcasting Corporation filled
with witnesses anxious to share their stories, and it was up to Peter Novak's calm baritone to
mediate discussion on his daily program, The Valley Voice.
"At about 8:45 this morning, two brilliant flashes lit up the sky over the southern
Yukon. And it was brilliance; some people say it was as brilliant as a photo flash-or very
intense lightning."
Reports poured in from around the Territory. "I'm still kind of rubbing my eyes,
Peter-it was the most blinding thing that I have ever experienced..." "It was like a
fluorescent light that was going out..." "...a pinky-peachy colour, and then blue, and then
white..." "... coming into two or three pieces... " "... I thought I was having a stroke... " "I
heard a big kaboom, and the windows on my house shook..." "...my heart didn't start
beating for another two, three minutes..." "...of all the places in the world a fellow could
be..."
"I started seeing this light," said one man, "I thought, my mind is playing tricks on me,
and I started looking at other people's headlights thinking that somebody must have
something in my eyes." He had been driving south through Whitehorse to drop his daughter
off at school, so the light had approached him from behind. The automatic streetlights in the
median beside him blinked off in the sudden brightness. "I was thinking then that we were
having dry lightning, and just as my brain started to process the dry lightning thought, I saw
this white ball of light, and it wasn't fire, and it was going straight and very quickly." When
he got to Christ the King Elementary a few minutes later, the schoolyard was buzzing. "We
looked up in the sky, and there was a straight line of still quite clear smoke-white 'cause it's
still at night-and then it turned red. ... The teachers in the school, they were in the staff
room, and the blinds were even shut, and their whole staff room just lit up, so of course they
were all coming out wondering what the heck's going on out there."
A single question resonated through the south of the Territory: "What the hell was
that?"
In response to the confusion, Novak turned to Jeremy Tatum, an astronomer from the
University of Victoria. From the start of the interview, Tatum left little room for ambiguity.
"What you've had this morning is a particularly large and exciting fireball," he said. Though
many accounts described the object as having passed just overhead, the fact that they were
pouring in from towns separated by hundreds of kilometers told Tatum that the fireball had in
fact been very high, burning brightly in the upper atmosphere.
"Basically, a fireball is an extremely bright meteor," he explained. "A meteor-that's
the flash of light you see in the sky." A shooting star. Most are tiny grains of dust or rock
fragments that burn up completely in the upper atmosphere, seen perhaps by a handful of
stargazers, or by nobody at all. "If a stone lands on the ground, that is called a meteorite."
The ite suffix denotes that it's now a rock, a tangible rock that scientists can study, as in
granite, dolomite, or herbertsmithite. "Before it encounters the earth, while it's still
wandering around in interplanetary space, [the object] is a meteoroid. So you've got a
meteoroid, then a meteor, then a meteorite. The ordinary shooting stars that you see, the
ordinary meteors, are small dust particles of cometary origin-from comets. But this fireball
was probably, in effect, a very very small asteroid."
To Tatum, as a scientist, the big question was whether or not the fireball had produced
a meteorite. Apart from a handful of lunar rocks collected on the Apollo missions, meteorites
are the only samples we have of anything extraterrestrial. Every meteorite that falls to the
planet has some story to tell of where it has been and how it formed. Over many decades,
through the study of many thousands of meteorite fragments, scientists have gradually been
able to piece together a history of our solar system. While most finds retell old stories, these
rocks are falling in from the vast, unfamiliar night beyond our atmosphere-there is always
the potential for something new.
From the intense explosions at the end of the fireball's path, Tatum knew there was
little chance anything had survived, and he said as much. But he kept his bases covered.
"Bear in mind that if you find it, you're in possession of something which is very valuable. ...
If it's on crown land, and you don't have to dig it up, then the finder is the owner."
In a Territory full of prospectors and adventurers, this undoubtedly caught the ears of
many listeners. Novak sensed the response.
"I remember the old days in the Yukon when we used to hunt for gold," he said.
"Well, this is more valuable," said Tatum.
Some witnesses of the fireball described a foul, sulphury smell accompanying or
following its appearance. Tatum and other scientists were skeptical. Smell travels slowly,
through the mixing of particles in air. It can take minutes for a smell to cross a room, let
alone to diffuse down tens of kilometers from the upper atmosphere. Any smells coming
from the fireball would likely dissipate long before they reached the ground, if they ever did.
But meteoritics is an unusual field of science. Unlike physics or chemistry, wherein
meticulous observations are made by trained researchers, the study of meteors relies largely
on information that falls into the laps of random citizens, at random times and in random
places. "If people say they smelled something, they smelled something," Tatum said to
Novak. "Since we do get reports, we do at least note them without accepting them or not
accepting them." It wasn't the first he'd heard of unusual smells accompanying a bright
meteor, and he knew very well, as someone who studies stones in the sky, that the bizarre and
the unlikely often lead to the truth.
Consider the field itself. Early explanations for shooting stars and meteorites crossed
the board. To some ancient cultures they were omens of good or bad fortune, to others they
were unfinished suns, or tears shed by gods, or divine excrement, or, as a tribe of west Pacific
islanders believed, they might even be crystals shooting forth from the vaginas of flying
witches. A few cultures witnessed meteorite falls, found the stones and pieced the puzzle
together, regardless of their explanations of why rocks were up there to begin with. A
Japanese shrine hosts a rock that fell from the sky over a thousand years ago. In China,
accounts of meteorites go back 2500 years. And when the Spanish landed in South America,
they noticed that the Incas had iron tools, despite the fact that they didn't smelt iron. When
asked where the metal had come from, the Incas pointed to the sky, but the Spanish didn't
take them too seriously.
The reactions of early scientists were much the same; the idea that meteorites might
come from the sky only caught on in the scientific community about two hundred years ago.
As the majority of accounts of falling stones came from the common public, along with tales
of dragons and werewolves and whatever else, it's not hard to see why the pragmatic
scientists might take such stories with a good deal of skepticism. And though some accounts
had an actual stone or two to back them up, scientists needed more. They needed to see it for
themselves.
Those scientists who did offer explanations tried to rationalize the process, suggesting
that meteorites were bombs launched from distant volcanoes, or perhaps, given the thundering
sounds that accompanied larger fireballs, the stones somehow precipitated in clouds during
particularly violent thunderstorms.
It wasn't until 1793 that Ernst Chladni, a German physicist, published a collection of
recorded meteorite falls, with the theory attached that they'd come from interplanetary space.
He wasn't taken seriously to begin with, but as Christopher Cokinos recounts in his book, The
Fallen Sky, a series of serendipitous falls over Europe in the following years began to silence
critics and strengthen support for Chladni's idea.
Then, in 1803, the tides swung dramatically in his favor. A huge fireball appeared out
of a clear blue afternoon sky above the town of L'Aigle, France, streaking in from the south
and exploding in a hail of iron rocks that rained down into pastures and punched holes
through village roofs. News of the fall reached Jean-Baptiste Biot, a French physicist and
astronomer who recognized his opportunity to determine the origin of meteorites, one way or
another. He travelled from town to town, interviewing people that had seen the fall, peasants
and mayors alike, while inspecting the stones and the damage they had caused. With
Chladni's hypothesis to guide his thinking, it was clear to Biot what had happened. His final
report finally gave the notion of extraterrestrial stones a solid foundation in European science.
In the United States, however, scientists were hesitant to accept the accounts of their
European colleagues, until another lucky fall in took place in Weston, Connecticut in 1806. A
fireball witness there saw a stone come down on a roof a few minutes afterward, and he
invited two scientists from Yale to come and verify his account. Though they were doubtful
to begin with, they came around to the idea after seeing the stone and listening to the many
other eyewitnesses. They ultimately reported that indeed, the rock must have fallen from the
sky. It's said that on hearing the scientists' conclusion, President Jefferson responded, "I
would rather believe that two Yankee professors would lie than believe that stones fall from
Heaven." But in the scientific community, at least, there was finally enough evidence for the
idea to catch on.
On The Valley Voice, calls continued to flood in through the hour, bits and pieces from
across the region. Most of the callers believed that they had seen a meteor, and they were
thrilled to have witnessed such a rare and beautiful spectacle. "If our long bygone ancestors
had seen something like that," said one woman, "there's no wonder they thought it was an
omen." Other callers did think it was an omen, a sign, perhaps, of a beautiful new
millennium.
Then a report came in from the Alaskan border, far to the west of any others. The man
on the phone described what he had seen as an "airplane without wings." It had "crashed or
landed," he said, on the far side of a mountain. And almost on cue following the call, Novak
was handed an official release from the Yukon Government, which he read on the air. It said
that based on sightings and seismic data, the suspected meteorite had hit the ground
somewhere in the vicinity of Carcross. The rest read something like a science fiction script:
The situation does not appear to pose any immediate danger to the public,
however, as the exact nature of the object has yet to be confirmed, it is
potentially dangerous. Should individuals encounter any suspected debris,
they are advised not to approach any closer, but to note the location and report
their findings to the nearest RCMPE1 1 detachment. Emergency Measures
continues to liaise with the local RCMP and other agencies to determine the
nature and location of the object.
Though Novak maintained that the bright light had been a meteor, and offered that an
impact might explain the unusual smells, doubt had taken root in the minds of some. "I saw
the meteor-or whatever it was," the next caller began, "we don't know what it is yet, I
guess." He had been working on a film set north of Whitehorse, and he described an utter
silence as he and a friend watched the sky turn a brilliant green and then pink as the fireball
exploded to the south, still high above the ground. "Corey turned to me and put out his
cigarette, and he said, 'that's what it's going to be like in the end."'
Suspicion bloomed in the areas that had witnessed the fireball. A few parents took
their children home from school for the day, uncertain of what was to come. There was talk
of nuclear fallout, and of the Americans.
It wasn't the first time something like this had happened in the Canadian north.
Across the border to the east, in the Northwest Territories, a shower of material lit up the skies
above Yellowknife on another January morning, this one in 1978. Only it wasn't a stone or
an omen per se; it was a crippled Soviet satellite with a live nuclear reactor on board. A task
force of American operatives was called in, and in "Operation Morning Light" they worked
with the Geological Survey of Canada to comb the rocky expanses of the Canadian Shield for
radioactive debris. The first piece of wreckage was found by a pair of outdoorsmen travelling
on a frozen river, and from there the search team went on to find about a hundred more pieces
scattered through the area, one of which would have killed any curious outdoorsmen.
In Whitehorse, following the more recent fall, rumors spread, and local media fueled
the paranoia. "Spy plane to probe fireball," read the headline of The Whitehorse Star,
referring to a NASA jet that was to be sent up to sample the contrail. In the world news
section, an article announced the failure of a US missile interceptor test over the South Pacific
at around the same time that the fireball had flashed overhead. A mock warhead had been on
the loose, albeit on the far side of the globe. For many, the pieces were easy to fit together;
ballistic missiles can travel around the world, after all. And what was more likely-that a
mass of rock had come crashing out of space and exploded in mid-air, or that the US military
had messed up?
1 Royal Canadian Mounted Police
Within an hour of the fireball, a meteoriticist at the University of Western Ontario
received a rough description of the event in a list-serve email from Jeremy Tatum. Peter
Brown is a specialist in meteor physics, and he's spent much of his career tracking fireballs.
The size of the Yukon fireball caught his attention, as did descriptions of the blasts and the
contrail. A bright terminal burst and a lingering plume of smoke-it sounded like a
carbonaceous chondrite, a rare fragment of the early solar system, "the most enigmatic but
also the most profoundly interesting of all meteorites," as a prominent meteoritics writer put
it. Carbonaceous chondrites are rich in organics, and they're extremely old. The organic
materials contained within could provide clues as to the origins of life. By the time he
finished reading the email, Brown knew, this could be huge.
He scoured through any data that was available, from seismic signals to satellite
information provided by the US Department of Defense. Based on the intensity of light
measured by the satellites, he calculated that the fireball had released more than a tenth of the
energy of the bomb dropped on Hiroshima. Its terminal blast was nearly as luminous as the
sun, and it would have looked brighter to witnesses in the dark northern morning. Infrasound
detectors, devices that listen for noises below the human hearing range, picked up sounds
from the fireball halfway across the continent, as far away as Manitoba and Wyoming. And
through pure fluke, a weather satellite that takes images of cloud cover passed over and
scanned the area just two minutes after the fireball, capturing the sunlit contrail against the
early morning shadow of the ground beneath.
It was the biggest fireball over land in a decade, the biggest over in Canada in a
century, and the most powerful ever tracked by satellites. And potentially, it was very rare.
*
I was in high school when it happened. Sadly, I didn't see the fireball; a thick frost
covered the windows of the school bus I was riding, and I was trying to get some last-minute
sleep before school. I remember stepping off the bus though and looking up at the contrail-
my whole class just stopped in the icy parking lot and stood there, staring up at the sky. It
was surreal; it didn't look like a cloud, it was more like a gash torn between the stars, as if the
night sky was just the dark underside of a bank of thunder clouds, and here was this crack
rising through them where you could almost see up into sunlight. None of us had seen the
fireball, so we couldn't explain what we were looking at. After a few minutes of guessing we
filed into class, awed and confused.
Our teacher saw the fireball. She was furious. The US military had finally done it,
she said, this time they had gone too far. It was unclear what the repercussions were going to
be, but she sounded pretty serious. She went on: Can you believe the nerve, they're already
covering their asses! On the radio they're saying it was a meteor-do they expect us to
believe that?
We were hesitant to interject, and a little uncertain ourselves, but it did seem like a
reasonable idea.
As we had learned, the solar system is a messy place. It started out as a cloud of
interstellar dust, detritus from the blasts of long-ago supernovae, whirling together in an arm
of our spiral galaxy. This cosmic eddy wound itself tighter and tighter until it caught itself in
its own gravitational pull and collapsed inwards. At its center, the sudden pressure squeezed
atoms together in nuclear reactions, and a bright new star burst into being: our sun. But
because of the dust cloud's initial spin, a halo of detritus remained, a thin disc of debris
around the radiant sphere.
At first it was just chaos, molecules and mineral grains colliding at random,
ricocheting off one another, or clumping together like rain droplets in a gathering storm. But
as these clumps grew bigger, they snowballed, pulling in surrounding debris with their
strengthening gravitational fields and clearing rings from the disc as they circled around the
sun. Over many millions of years, they swelled and smashed together, forming our present
array of planets and moons, a reasonably ordered patch of space.
Far from the sun, though, in the cold and dim reaches beyond the orbit of Neptune,
something of the initial chaos remains. Clumps of dust and ice and rock drift among dwarf
planets, too few and too far apart to gather themselves into anything more significant.
Occasionally they collide, or they're tugged from their orbits by the pull of the outermost
planets, and they fall in towards the sun as comets. In the heat of the inner solar system, they
bleed plumes of vapor and dust that flare out in solar winds, gleaming bluish white in the
sunlight and filling empty space with dust and clutter-the fodder for our shooting stars.
When the Earth passes through the trail left by an old comet, our skies light up in meteor
showers.
Much closer to Earth than the orbit of Neptune-dangerously close, in fact-a second
patch of disorder has managed to survive amongst the planets. The asteroid belt is a scattered
band of rocks and stunted planetesimals, lingering in crowded clusters between the orbits of
Mars and Jupiter, and kept in disarray by a tug-of-war between nearby Jupiter's gravity and
the sun's immense pull. As with the comets, the chaos here brings impacts and instability,
raining debris down into paths of the innermost planets. A few pieces of this debris meet with
the Earth, and they flash in our skies as meteors and fireballs. Since the asteroid belt has big,
solid rocks that can endure the fiery passage through our atmosphere, and because it's so
close to home, it's the source of most of our meteorites.
Though my high school classmates and I were undecided as to the nature of the
fireball, meteoriticists weren't. It was probably part of an asteroid, as Jeremy Tatum noted, or
maybe a rogue piece of comet. But unless some of it could be recovered, there was no way to
know for sure.
Ten years after the fireball, I tracked down some key individuals to see if I could piece
together exactly what happened in the aftermath of the fireball. In Ottawa, Richard Herd
serves as the meteorite liaison for the Geological Survey of Canada. The Yukon Emergency
Measures Organization-the same group that had issued the ominous radio warning on The
Valley Voice-called him late on the day of the fireball. They were looking for answers.
"The idea had gotten out somehow that this was an American anti-missile missile that
had gotten out of control, and it had just gone screaming across the skies in the Yukon," Herd
told me. "People were quite upset at the idea." From the intense light of the object and its
speed as it skimmed across the sky, he assumed that it was a meteor and not some chunk of
man-made space debris or a rogue missile. He told Emergency Measures as much. It was too
bright as it broke apart, too fast to be anything else.
Exploding space rocks were nothing new-they're referred to in parts of the
meteoritics community as bolides. In 1908, the Tunguska bolide detonated over Siberia,
leveling some 2,000 square kilometers of forest without leaving any obvious crater. No
pieces of that fireball were ever found, and the debates over its origins, whether cometary or
from an asteroid, persist amongst scientists. Amongst the general public, UFOs and other
theories are thrown into the mix.
With the Yukon fireball came a chance to better understand bolides, the nature of the
asteroids or comets that they came from, and thus, perhaps, something of the solar system
itself. A piece of the meteor would also make a great addition to the National Meteorite
Collection of Canada, which Herd curates. In his discussion with Emergency Measures he
unofficially appointed Charlie Roots, a government geologist working in Whitehorse, to be
the Survey's man on the ground, a makeshift meteorite expert to ease uncertainties and
coordinate recovery efforts.
But Herd knew the odds were against a recovery. In addition to snow cover, thick
forests of spruce and fir, remote, mountainous terrain, and temperatures that could drop well
below negative forty degrees Celsius complicating search efforts, the meteoroid had entered
the atmosphere between midnight and noon. Morning defines the front of the Earth as it
careens around the sun at over 100 000 kilometers per hour, so the thing had effectively hit
our planet's windshield. Like any highway bug, it was unlikely to have survived.
I met with Charlie Roots in his office at the headquarters of the Yukon Geological
Survey in Whitehorse. Roots is a senior geologist there; over the years he's mapped more of
the territory's bedrock than many of its residents have even seen. Summers are spent in the
field, long days of hiking ridges, interpreting structure and stratigraphy, jotting measurements
onto maps. In the winters he retires to his office to compile his work, and to publish
geological maps for use by science and industry. But after seeing the fireball, he found
himself in an entirely new role.
"It was crazy stuff," he recalled. "I don't have any particular knowledge about
meteorites, so I was sort of thrown into this thing." With the media searching for answers,
and a sudden rush of treasure hunters pointed his way, Roots was the nexus of the situation.
Scientists hounded him from outside of the Territory with unusual excitement. Peter Brown
called from the University of Western Ontario and introduced himself-he wanted
eyewitnesses interviewed and careful measurements made from their descriptions. From the
Johnson Space Center in Houston, a mineralogist named Mike Zolensky wanted snow
samples taken, in case dust from the meteor had rained down after the explosions. Zolensky
had been in touch with Brown, and he was sending up a NASA jet to sample the contrail
directly.
Roots went south to investigate the fireball. "It was seen from Carmacks, and it went
right over Whitehorse," he said. Reports from Carcross, farther south, suggested that the
fireball exploded almost directly overhead. "You've got those three points; you just have to
make a line." But past the end of Roots' line, it was anyone's guess.
South of Carcross is a maze of water and mountainsides. A network of ribbon lakes
crisscrosses the border between the Yukon and British Columbia, inland fjords that filled with
fresh water when the glaciers of the last ice age retreated. Three of these-Tagish, Bennett
and Atlin-stretch for almost four hundred kilometers through the bottoms of thin, steep
valleys, cut between the peaks of the coastal range. These are the southern lakes. It's an
impossible area to cover, but Roots started nonetheless.
He talked to witnesses in the area, relaying the data back to Brown, and he stopped off
at each lake he drove past to gather snow samples for Zolensky. It was a welcome break from
the winter office life of a northern geologist, and he enjoyed himself on his sudden missions.
"Everything had to be hyper-clean sweeping snow into baggies," he laughed. He had had to
buy a brand new dust pan and sweeper just for the occasion.
In Whitehorse, he answered questions for the media. The seismic signals that had
originally been interpreted as an impact, he told them, were records of the shockwave from
the fireball's terminal blast, which rumbled down into the valleys and actually shook the
upper edge of the Earth's crust. Thus there would be no impact crater, unless a meteorite had
crashed through the lake ice somewhere. And no, radioactive debris wasn't an issue, nor
would there be molten globules of rock lying around anywhere. Meteorites are pretty docile
things once they've settled; they heat up so quickly in the atmosphere that only their outer few
millimeters burn away at any moment, while their interiors remain frozen. By the time a
meteorite falls all the way to the ground, its edges have usually cooled into a thin, dark crust,
not even warm to the touch.
After a few days of delays, Roots was able to book the RCMP's Twin Otter plane to
look for evidence of the meteor's landing. Together with a search and rescue man, a cop, a
CBC cameraman and a reporter from The Whitehorse Star, he was to keep his eyes open for
anything out of the ordinary, particularly on the lakes, where visibility would be best. "That
was our big hope, that we could see holes punched in the ice." They set out with a rough
account of the fireball's trajectory in mind, armed with an aviation chart and a twelve-inch
ruler to sort out where any meteorites might have fallen.
Atlin Lake was their first guess, to the southeast of Carcross. Descriptions of the
fireball from the town of Atlin, British Columbia were among the most vivid, so it made sense
that something might have fallen nearby. They flew in slow over the lake, scanning the dark
ice as they went, but all they saw were natural cracks webbing through the ice and a few sets
of snowmobile tracks through patches of snow, signs of others who had been out looking.
They hopped two valleys over to the west and continued their search along the frozen
stretches of Tutshi Lake and Windy Arm, but again, there was only ice. They touched down
in Whitehorse empty-handed.
Strange weather marked the end of the last millennium. A mass of warm air moved in
from the south, blasting up through the valleys of northern British Columbia and into the
Yukon, where it melted snows in late December. It rained in Whitehorse on Christmas Day.
On the southern lakes, thin sheets of water formed on top of the ice, and they quivered in the
ongoing breeze.
Then the winds stopped. The water settled, and temperatures plummeted. By New
Year's Eve, it was thirty below. The lake ice hardened into a smooth, dark glass. The
weather stayed clear and cold for the first three weeks of January, and the ice grew thick.
Sometime around January 23, 2000, Jim Brook touched his Cessna 180 down onto the
surface of Taku Arm. He had been looking for the meteorite in loose collaboration with
Charlie Roots, and he'd offered to fly a search of his own down the remote branch of Tagish
Lake, a narrow band of water stretching a hundred kilometers south from the town of Tagish
to the ice fields of the Chilkoot Range. Roots gave him some plastic bags to collect snow
samples from the lake.
Brook's family has lived out on a distant offshoot of Taku Arm since 1912, and
through his life he has fixed the place up into Brookland's, a wilderness camp. He makes the
bulk of his living this way, flying clients in from Whitehorse or Atlin for stays out on his
quiet stretch of water, or flying them wherever they'd like to go with his air service through
southern lakes. He knows the area well.
After scanning tens of kilometers of the dark ice without seeing any signs of an
impact, he knew it was time to quit. "I just assumed it had come down somewhere else," he
told me. More practical matters demanded his attention. He got out of his plane and chopped
a hole in the ice to test its thickness. It's rare that the lake freezes up without a deep covering
of snow on it, so he decided he might take advantage of the sudden highway out to
Brookland's. At twenty inches, the ice was plenty thick.
On January 25, he drove out onto the lake in his green Chevy pickup, loaded with
some fifteen hundred pounds of concrete for the floor of his new airplane hangar. It had been
a week since the fireball, and still there was no word of a meteorite, but Brook kept his eyes
open. On the north end of the lake there were some signs people and animals, snowmobile
tracks and droppings out on the ice, but as he went south, the signs grew sparse, and soon it
was just the hum of his truck's motor, the lake ice, and the forested hillsides rising away from
either shore. Wilderness. He crossed the unmarked border into British Columbia, and the
afternoon sun set behind the mountains.
"It was already pretty much half dark," he said, "I had the lights on on the truck and
they were starting to show on the snow." He scanned the patchy ice as he drove, pressing
ahead to make good time. "I thought that if anything had come down it would have made
some kind of a visible impact on the ice, that you'd be able to see it easily." It hadn't. Brook
didn't know it, but he was already driving past the discovery of a lifetime. The irregular,
windswept surface of the lake masked tiny fragments of the fireball.
"I didn't even notice, you know, you're moving along with a truck on the ice at thirty
miles an hour." But as he went south, the pieces got bigger. On a patch of crusted snow, a
dark, cobble-sized stone popped out in the light of his headlights. It was rounded, smooth and
almost jet-black, and it was a good distance out from shore. He knew right away that it had to
be a meteorite.
He slowed to a stop, put his truck into neutral, and stepped out onto the ice. "I almost
picked it up," he said, but as he reached for the meteorite, he stopped. There were marks in
the snow beside it, signs that it had bounced when it hit and then rolled into position. Here
was a rock, fresh from space, that had never been touched by a human. "The middle of the
lake like that is about as sterile an environment as you're going to get." He grabbed a roll of
disposable blue shop cloth and some plastic bags from his truck and returned to the meteorite,
using the shop cloth to cover his hand.
"I was astonished when I picked it up," he said. It was light, almost buoyant in his
hand, like a piece of charcoal. He looked at it closely, but a dark fusion crust surrounded the
outside-he couldn't tell what the meteorite was made of. Light was fading from the sky, so
he put the meteorite into one of the bags, and he carefully cached the bag in the pickup part of
his truck. "If I could keep it frozen, I thought that might help with the analysis later." He was
right.
With his eyes now trained, he saw more of the meteorites as he continued south. A
few were in small clusters, others were alone, and some had shattered into dust as they
crashed onto bare patches of ice. He collected what fragments he saw, taking care not to
touch them and to keep them cold, but before long, darkness set in completely. He gave up
for the day and continued home.
In the morning, on his way back up to Whitehorse, he retraced his route. He found
more meteorites stretching in a line to the north of his previous discoveries, but they were
smaller, and they tapered out quickly. He collected them and moved on. Before he left the
area, he climbed onto the top of his truck and scanned the ice with his binoculars. Nothing.
He'd look again on the way back, that afternoon, but it seemed he had gotten all of them.
He didn't make it back. "I had a problem with the truck up at the north end of the
lake"-his suspension gave out that afternoon, likely from the snow drifts he had had to
punch through to get out to Brookland's with a load of concrete-"and then it snowed again
that night." Twenty-five centimeters of snow settled onto the lake, covering anything that
might have been left out on the ice. But Brook had a good haul nonetheless-several dozen
meteorites and fragments, almost a kilogram of material.
As he flew back to Brookland's, the light weight of the meteorites hung on his mind.
He had studied some geology in college; he knew the stones were unusual, but he wanted to
know more. Out at his wilderness camp, his curiosity swelled. If he called anyone though, he
knew it could bring a modem-day Klondike rush out to his end of the lake, a dangerous
situation in late January. It would also preclude a chance to get out looking again when the
snows melted in late April or May, before the ice went out. "That was what preoccupied me
for several days afterwards," he said.
He put each of the meteorites in its own Ziploc bag, and he stashed them in his freezer
for safekeeping. He took them out again, photographed them, and put them back in. What do
you do with a celestial motherlode?
When I asked to see the Tagish Lake Meteorite, it took one of Peter Brown's graduate
students a few minutes to dig a piece out. It was in a filing cabinet, at the bottom of a drawer
full of various cosmic specimens, each encased in separate bags or containers. Finally she
produced it, a dull, grape-sized lump of not-quite-black rock housed in a clear plastic cylinder.
It didn't have a fusion crust, and on its broken faces a few specks of white were visible. So
that was it.
"If somebody had shown me this before Tagish Lake," Brown said, holding up the
cylinder, "I would have thrown it out." That's part of what makes carbonaceous chondrites so
rare-they don't look like meteorites. They're fairly unremarkable stones, visually, nothing
worth the trouble of stooping over to inspect. They're fragile, too; few of them make it
through the atmosphere at all, and when they do, they've usually been reduced to tiny
fragments. In all but the driest of climates, they disintegrate within days or weeks, taking in
moisture and crumbling to a fine black dust, very much the opposite of their iron meteorite
cousins which can sit in place, waiting to be found, for millennia. Until the 1960s, only
seventeen carbonaceous chondrites were known.
In his office at the University of Western Ontario, Brown recalled first hearing of the
discovery on Tagish Lake. Two weeks after the fireball, on February 2, 2000, he had his daily
telephone briefing with Charlie Roots. Roots didn't have much to report: interest in the
meteor was waning, and new information had slowed to a trickle. "He did say however that
one fellow, Jim Brook, was planning to fly into Whitehorse that day, and he wanted to meet
with Charlie the next day for some unknown reason."
Later in the afternoon, a call came from John Annexstad, a former NASA geologist. It
was all very hush-hush, Annexstad said, but one of his colleague's friends had found some
frozen meteorite fragments on a lake and was looking for advice. They were dark in color
and lightweight, about the sizes of oranges and walnuts, complete with fusion crusts. The
man had kept them frozen and he hadn't touched them. He had found them in Canada, so
Annexstad figured Peter Brown was the guy to talk to. The man's name? Jim Brook.
Brown hung up, and called Roots again. If Roots was going to see these meteorites,
he needed to know what he was dealing with.
Nobody in history had ever recovered an untouched, frozen meteorite from an
observed fall. As the interiors of the meteorites would have stayed cold on their descent, and
then stayed frozen and dry on the barren surface of Tagish Lake, Brook might as well have
broken his samples directly off whatever object they'd come from.
And it couldn't have happened to a more ideal meteorite. There was still no way to be
sure, but to Brown it sounded like Brook had found a carbonaceous chondrite. Chondrites are
the most primitive meteorites we know of. Unlike the iron meteorites, which are thought to
be remnants of the cores of shattered dwarf planets, or the achondrites, which crystallized
from the molten mantles of those planets, chondrites come from relatively unadulterated
parent bodies in the asteroid belt, clumps of that early nebular material that never got big
enough to do anything beyond just sitting there, and perhaps colliding from time to time.
Among the chondrites, carbonaceous chondrites are the most pristine. They formed far from
the sun and were never exposed to high temperatures, so they're high in volatile materials:
gasses and organics that dissipate in the warmth of most places on Earth. But if a
carbonaceous chondrite stayed frozen from outer space to the laboratory, those volatile
materials would stay trapped in the rock, and thus they could be examined by scientists,
providing a new window towards understanding the origin of our life-supporting planet.
There were no carbonaceous chondrite experts in Canada, so Jim Brook agreed to send
a sample of his find down to NASA's Mike Zolensky. "At the time I still thought the chances
of this being a meteorite are fairly small, because-you know," Zolensky said. Everyone
thinks they've found a meteorite. Over the years, Brook mentioned, Zolensky has had
everything from concrete to dog turd sent to him for analysis.
Charlie Roots handled the logistics of getting the sample down to Houston, shipping it
frozen priority express on a circuitous route across the continent. But because Brook had
made him agree to secrecy, Roots couldn't tell the airline what was in the package; he simply
stressed that they keep it cold.
"It wasn't obvious I was going to get it," Zolensky said. "I had to go to the Houston
airport customs, and they had this frozen box, and they didn't want to release it because they
were worried it was some deadly pathogen from Canada." Zolensky argued his case to the
customs officials, knowing with each passing minute that the last of the dry ice in the box
might disappear, causing what could be a 4.56 billion year old specimen to thaw. The jet he'd
sent north to sample the contrail hadn't found any dust in the upper atmosphere, so the frozen
package was his last hope for the Yukon fireball. After an hour of negotiation, the officials
finally ceded, and he rushed the shipment back to the Johnson Space Center.
In his lab, he opened the box. The snowflakes in the accompanying snow samples
were still perfectly crystalline, a relief, but his attention was stolen by the dark mass inside a
Ziploc bag. It wasn't turd. "From the look and color of the fusion crust, I could tell right
away it was a carbonaceous chondrite." It was the rarest type of chondrite, delivered frozen
and untouched to his lab less than a month after it fell-nothing like it had happened to him
before, and it's extremely unlikely it will happen again. "We were very happy," he said.
From previous experience locating meteorite falls, and what he knew of this one,
Brown suspected there was much more out on Tagish Lake than the handful of stones that
Brook had gathered. It was still winter, so any meteorites would still be frozen, a scientific
bounty waiting beneath the snow. When the snow melted, though, and the lake ice went out,
those meteorites would disintegrate, and they'd be lost to the world forever.
He called Alan Hildebrand, his friend and fellow meteorite hunter, a planetary
geologist at the University of Calgary. They were headed north.
*
The only known images from the time of the fireball are contained in a bit of security
footage from the Whitehorse airport, a grainy view of the sidewalk outside the terminal
building that bums white as the camera adjusts to the sudden glare. The meteor never enters
the frame, but shadows of signs and idling trucks shift across the icy pavement as the fireball
slides through the sky.
The moment Brown arrived in Whitehorse on February 15th, he went to work.
Stepping out of the airport terminal building, he took careful measurements along the
sidewalk, noting positions and measuring the sizes of objects that had cast shadows in the
security camera's frame. If he could match the shadows to the objects accurately enough, he
could project his measurements out into the sky, and thus trace the actual path of the fireball.
Knowing the route, he'd know where any more fragments of the meteorite were likely to be
hiding. Going out the other way, he might get some idea of where in outer space the thing
had come from. But the airport camera was just one source, in one place, and a jumpy bit of
footage at that. For real precision, he needed more data.
Like a modem day Jean-Baptiste Biot, he toured through the southern Yukon and
down into northern British Columbia, interviewing eyewitnesses along the region's sparse
network of roads. Up snow-rutted driveways and inside local coffee shops, each account gave
him a more definite idea of where the fireball had passed. In Whitehorse, it was to the west,
in Haines Junction, it was to the east, and along the highway between them, it transitioned to a
direct pass overhead.
He collected photographs and videos of the contrail, and as he'd done at the airport, he
made careful measurements of the objects in each frame: buildings, power lines and trees on
the ground, stars in the sky. He tried to get footage from other security cameras around
Whitehorse, which might have captured an actual image of the fireball, but unfortunately the
technician he spoke to wasn't easily moved. Suspicion still lingered in the Territory. "He
seems to think that I work for some sort of secret government agency," Brown later wrote,
"but still will not give me any information." As the cameras were set to delete automatically
on a one month cycle, the footage was soon lost.
Eventually, though, Brown amassed enough information that he could plot a best fit
for the meteor's trajectory. It had come in from the north and streaked south-southeast,
descending at a shallow angle. This is likely what allowed it to survive, as it eased itself into
denser layers of air more gently than it would have had it come in straight down. Collisions
with air molecules high in the atmosphere set it glowing, then burning, and then when it got
down to about 38 kilometers altitude, over a point just south of Carcross, the immense
pressure stacked in front of the fireball ripped right through it, like water bursting through a
dam, and it was torn apart in the first of its terminal explosions.
Comparing this path to his earlier satellite data, the seismic signals and the sounds picked up
in Wyoming, Brown made some estimates as to what sort of an object the meteoroid must
have been. It would have had to have been about four meters across, he calculated, weighing
at least sixty tonnes, and moving at almost sixteen kilometers per second when it entered the
atmosphere.
And it hadn't really hit the Earth's windshield after all. It had caught up to the planet
from behind and narrowly missed, passing high over the Arctic Ocean before getting pulled in
by the Earth's gravity. Its orbit peaked in the outer reaches of the asteroid belt, in a region
full of asteroids, but from which no other meteorites were known.
For the moment, though, speculation on its origins could wait. Somewhere out on
Tagish Lake, more of the precious rock was bound to be lurking.
It was mostly white. Tattered layers of cloud veiled the sky, and the lake ice hid
beneath a thick covering of snow, with only the dull hues of the mountains on either shore to
break the monotony. Alan Hildebrand sunk his shovel into the powder. He sifted it gently,
bouncing the snow up and down, looking for bits of black, and then he tossed it aside.
Nothing. He looked out across the lake. The patch of ice they'd labored to clear was trivial
amidst kilometers of snow. They were wasting time.
Hildebrand had arrived with a small team of graduate students from the University of
Calgary two days before. They met with Peter Brown and Jim Brook in Whitehorse, and then
they flew out to Brookland's from Atlin. On the morning of the 2 2 nd, they took snowmobiles
up the lake to where Jim had found his meteorites, and they began their search.
In the forest near the eastern shore, Peter Brown was facing similar difficulties.
"Because of the significant amount of snow that has fallen since January 18," he wrote, "just
walking through the woods is an exhausting task." He gave up after about an hour, realizing
that any meteorite fragments would remain hidden in the snow, regardless of his slogging
through it.
But they weren't ready to leave. "I think it would be safe to say Alan and I pulled out all the
stops," Brown told me. He and Hildebrand had worked tirelessly to throw the expedition
together on such short notice, securing funding where funding didn't exist, and working out a
deal with Jim Brook. In return for their secrecy, Brook agreed to assist with the search.
They'd split with him whatever they found, fifty-fifty. After putting in the effort, they wanted
results. Years before, as a graduate student at the University of Arizona, Hildebrand had
located the site of the K-T impactor, the meteorite that is thought to have wiped out the
dinosaurs. If he could piece together evidence of an ancient impact in the jungles of the
Yucatan, there must be some way to find stones on Tagish Lake.
He called the RCMP and had them bring their drug dog to Atlin. On a lake north of
town, he used one of Jim Brook's meteorites to try and put the German shepherd onto the
scent of the carbon-rich stones. "After much prompting it is finally able to locate the
meteorite," wrote Brown, "but unfortunately there is no evidence that this procedure will
prove effective on the ice. Reluctantly, we are forced to abandon the idea."
They were soon forced to abandon the idea of finding meteorites altogether, at least
under the deep snow. But in the spring, Brook told them, the snow melts before the lake ice
goes out, and for a window of a few days, or maybe a week or two depending on the year, the
ice is bare. If there were any more meteorites out on the lake, that was when they'd find
them. Brown and Hildebrand agreed. For the moment, they still had courses to teach and
research to attend to; they would try again in April.
At Johnson Space Center, Mike Zolensky cut into the frozen chondrite. Working with
meteorites presents a distinct challenge, as there is always a finite amount of material to work
with. Jim Brook had collected around 870 grams of rock, and unless anything more could be
found, that was all the Tagish Lake meteorite that there would ever be. Some recoveries are
even less prolific, with only a few grams of material located. To be fair to their peers, and to
ensure material is available for future studies, meteoriticists must be as sparing as possible in
their work.
Zolensky separated a thin slice of the meteorite and returned the rest to his freezer. As
he was interested in classifying the specimen, he only needed to look at its mineralogy, and
thus he could afford to let this little piece warm to room temperature. It gave off a sulphury
odor as it thawed, releasing molecules that had been frozen in place for billions of years, since
well before life evolved on Earth. He put the sample under a microscope and looked in.
In 1969, the same year that the first lunar samples returned from the moon, two other
extraterrestrial samples of note made their way to our planet. Near the town of Allende,
Mexico in February, and then onto farmland near Murchison, Australia in September, a pair
of spectacular fireballs dumped thousands of fragments of carbonaceous chondrite. The
fragments were dark and black, sparkling with grains of green olivine on their broken faces.
More importantly, though, they proved to be rich in organic matter: hydrocarbons and amino
acids that had apparently formed by chemical processes in outer space. Some of the amino
acids present were the same as those found in terrestrial proteins, the very molecules that
we're made of, while others had never been seen before. The origin of these organics is still
debated.
Allende and Murchison commanded much attention for their organic content, but they
weren't the most primitive meteorites known to the scientific community. That distinction
belonged to a group of carbonaceous chondrites known as the CIs, which, for all the heating
and collisions of the early solar system, never reached temperatures warmer than those of a
terrestrial summer's day. CIs, though, were heavily altered by liquid groundwater that had
flowed through their parent asteroids at some point early in their history, altering much of
their organic content into carbonate minerals.
What Zolensky saw lay somewhere in the middle. Here were the carbonate minerals
of the CIs, formed in the presence of liquid water, but here too were the olivine grains of
Allende and Murchison, still pristine despite the aqueous alteration. He was looking at
something extraordinary. Tagish Lake was even more primitive than the CIs-it was a new
type of meteorite.
Different labs have different specialties, so Zolensky split his sample further and sent
pieces of it to colleagues across the US and in Britain. From Chicago, oxygen isotopes didn't
fit the record; from Rhode Island, reflectance spectra matched the D-type asteroids-the same
unsampled cluster suggested by Brown's orbit calculations; and from London, not only was
this the lightest meteorite ever studied, it also had the highest concentration of carbon. Brook
had described his finds as "charcoal briquettes," and in a sense, they almost were.
Zolensky's carbonate materials accounted for some of the carbon, but much of the
rock appeared untouched by the groundwater. There were intact amino acids and
hydrocarbons, but there were older things too: presolar grains, bits of material from ancient
stars and interstellar space, the very grains and molecules that coalesced into the cloud that
our solar system came from. Among these, in Tagish Lake, was the highest concentration
ever seen of nanodiamonds, tiny clusters of carbon atoms that are thought to have formed in
the shockwaves of supernovae. These grains are direct samples of our sun's stellar parentage.
"By studying the individual grains," Zolensky said, "you can often pick out what kind
of stars, or what kind of explosions around stars occurred to make [them]. And then you can
go back into galactic history as well." With the right analysis, Tagish Lake could help to
unravel the history of our solar system's birth.
A month after Brook's discovery, a headline appeared on the front page of the
Anchorage Daily News: "Debris From Flash-Bang Meteorite Found on Lake near Yukon
Highway." The story mentioned the rarity of the new meteorite and "the building blocks of
life" that it contained. It was quickly picked up by national news outlets in Canada and the
US. The word was out.
A new wave of enthusiasm swept through local treasure hunters, but there was a catch.
The Anchorage story got the location of the fall wrong, confusing Tagish Lake for Tutshi
Lake, a much smaller body of water that butts against the South Klondike Highway. On top
of that, it didn't mention who had found the meteorites. Nobody knew where to look.
Mike Farmer, an international meteorite dealer, arrived in Whitehorse. "I'm not
playing games here," he told The Whitehorse Star, trying to get Brook's attention so that he
could purchase the find. "I will offer a big cash reward and say, 'Here it is."' Beyond just
getting his hands on the meteorite, Farmer wanted to see more of it recovered. As a meteorite
devotee, he knew of the carbonaceous chondrite's value to science, and he knew that any
more stones would be gone by the summertime. "I urge whoever got it to go public once they
have found what they want because one hundred eyes looking will find a lot more, I guarantee
you that."
But Jim Brook already had science on his side, and he knew Brown and Hildebrand
would be back with others to search in the spring. In the meantime, he had flown to Houston
with half of his stash of the carbonaceous chondrites so that Zolensky could continue to work
on them. Mike Farmer returned home to Arizona, unaware that the man he sought, and the
stones, were just two states over.
"The scenery is breathtakingly beautiful," wrote Howard Plotkin of his arrival at
Brookland's, "we are on a frozen glacial lake surrounded by snow-capped mountains, with no
one around for tens of kilometers." The historian of meteoritics was up from the University
of Western Ontario, a member of the spring expedition. Together with Phil McCausland, one
of Peter Brown's graduate students, he recounted the team's efforts in Meteorite magazine.
"By April 20, the rising temperatures are having a noticeable effect, and the snow
levels on the lake are beginning to decrease appreciably." After days of fruitless tracking
through the snow on rented ATVs, wisps of rain exposed patches of the lake ice, and the old
tracks from Jim Brook's truck reemerged. It was a logical place to start looking.
McCausland was the first to catch sight of anything, a tiny bit of black embedded in
the ice. He called the others over and got ready to sample it before he realized that it was just
plastic, debris, perhaps, from Brook's truck. "We weren't sure that there were fragments to
be found," he told me. "Jim Brook was adamant that he had found them all."
Elsewhere on the lake, the same thoughts couldn't have been far from Peter Brown's
mind. He was cruising along on the shallow snow with another expedition member, covering
ground at a good speed, trying to cover a wider footprint. Then something dark rushed past
his tire. He backtracked carefully. Sunken through the snow, and half-encrusted in the ice
underneath, was a carbonaceous chondrite. Brown rushed back across the lake to get the
others, and the team of five searchers returned to his find. They were kilometers away from
where Jim Brook had found his meteorites. "The sobering implication of this," wrote Plotkin,
"is that there are no doubt many, many fragments to be found."
The meteorite was sitting in a small, water-filled pit. Dark black in the spring
sunlight, it had warmed, and it had started to melt the ice beneath it. There were more
fragments around it, some that had sunk much deeper into the ice and were embedded
completely. The chondrites, it seemed, weren't waiting for the spring breakup-they were
already tunneling through to the lakewater.
The team fanned out, covering the area around Brown's find. Knowing what to look
for, they quickly located a few more pits. "The enormity of the project before us [began] to
sink in," wrote Plotkin.
Some of the meteorites were already disaggregating, soaking up water and coming
apart as they melted downwards. "The full extent of our unpreparedness for actually
recovering meteorites quickly becomes all too apparent," wrote McCausland. It wasn't going
to be as easy as picking stones up and putting them into bags; they needed some way to
actually get the things out of the ice. Over the next few days, the team raided Brookland's for
tools, using bent forks and spoons, gardening implements, nylon stockings, chopsticks and
even a turkey baster to recover material from the deepening holes. They also took chunks of
ice, using axes and then a chainsaw to cut out blocks where the meteorites had frozen in
solidly. These blocks could thaw later-for the moment, just gathering material was much
more important.
Snow levels dropped farther. The lake ice became a turquoise velvet, firm in the
mornings and softening up more and more as each day progressed. Meteorite finds increased,
and the small team was soon recovering material from a strewnfield along ten kilometers of
the lake.
"We decide," Plotkin writes, "that until someone suggests otherwise, the best thing to
do would be to wrap the meteorites in aluminum foil, put them in plastic bags, and store them
in the freezer compartment of Jim's refrigerator at Brookland's. This fills up very quickly,
however, so Jim begins to fly the meteorites into Atlin in his Cessna- 180 plane, and places
them in a storage freezer in his shoreline shed. Later, when this freezer becomes filled, he
begins to cache the meteorites in two large game freezers at a friend's house in Atlin."
The team's presence didn't go unnoticed. With frequent trips into and out of Atlin to
drop off meteorites, pick up supplies and exchange expedition members, they found
themselves fabricating stories to explain their presence in the town of less than five hundred.
They were, after all, still bound by their agreement with Jim Brook, and keeping quiet would
help with a methodical, scientific recovery. They told locals that they were freezer repairmen;
or they said they were out ice fishing, but to a handful of residents, they were only suspicious.
Why would a group of ice fishermen need the hardware store's entire supply of Tupperware?
After the fireball, it had been over a month before the find was announced, a strange
gap in timing. And apart from Jim Brook, his mother, and Charlie Roots, nobody in the
Yukon or British Columbia had actually seen the meteorite, not even those who went out
searching where the papers said it had fallen. Now, strangers were shuffling through
Whitehorse and Atlin, driving rented vehicles offering vague reasons for their being there.
Once again, it didn't take much to fit the pieces together. Rumors of a US weapons test
became rumors of a cover-up. To some, the meteorite was a sham.
Others, though, realized what the strangers were up to. A prospector from Atlin
followed their trail out to the strewnfield, and began to locate meteorites of his own. Another
man had rented an airplane, and flying the length of Tagish Lake, he saw the mess of ATV
tracks laid down by the recovery expedition. The next day, he showed up on an ATV of his
own. And in May, shortly before the lake ice went out, a pair of brothers came picking their
way along the shoreline, finding pea-sized fragments of meteoritic material between terrestrial
boulders.
As the expedition team established an efficient routine, new finds picked up to over
seventy per day. "We have an embarrassment of riches here," wrote McCausland, "but
clearly not enough people to recover material." They were glad for the new arrivals, and they
asked them simply to share the locations of their finds in order to build a clearer picture of the
strewnfield.
When Brown's ATV got stuck in the slushy ice, the team decided it was no longer safe
to continue. They had been going strong for three weeks, in which time they had located over
five hundred meteorites. Of these, they managed to recover more than two hundred, adding
five to ten kilograms of material to Jim Brook's 870 grams. Though the new rocks had
degraded some as they melted into the ice, their mineral structures are intact, and thus they
remain a scientific treasure.
For a short time last December, I was Jeff Kriz. Alan Hildebrand gave me his
graduate student's ID card to get me past a few magnetic locks and down into the basement of
a research building on the University of Calgary campus. In the secure lab, beyond a table
covered with specimens from the 2008 Buzzard Coulee fall in Saskatchewan, was a set of
freezers, each packed with the ice, plastic, aluminum foil and dark carbonaceous chondrites of
the Tagish Lake expedition.
After ten years on Earth, the meteorites are in various states of preservation. Some are
still frozen in their original blocks of ice, others are exposed, as their encapsulating blocks of
ice have sublimated away; some have been dried and packed into bags of inert nitrogen gas
for indefinite safekeeping, while others are still wrapped in the foil they were recovered in
and are gradually crumbling. There is a lot of material to deal with.
Hildebrand took a meteorite from the freezer. In its aluminum wrapping, it looked
something like a baked potato. He unwrapped it slowly, revealing dark black, flattened oval.
It still looked like a baked potato, if terribly scorched. "When we found this in its hole," he
said, "it was in very good condition. Now, with refreezing and subsequent dewatering, it's
beginning to disaggregate."
Wearing latex gloves, he picked up the fragile meteorite and handed it to me. It was
light, as Peter Brown's specimen had been, but without a plastic container it felt even lighter.
The fusion crust was cracking, and sections of it had fallen off to reveal the delicate black
matrix of the rock. After a quick inspection, I placed it gently back down into its foil shell,
and another small piece of fusion crust broke off. The fingertips of my own gloves were lined
with a fine black powder.
This fragility is probably why carbonaceous chondrites are so rare. Dust samples
collected from other fireballs suggest that carbonaceous material might actually collide with
our planet quite often. There's fossil evidence of their regularity, too. An abundance of
presolar grains in the K-T boundary around Hildebrand's crater in the Yucatan imply that a
carbonaceous chondrite more than ten kilometers in diameter might have been responsible for
the dinosaurs' demise. More recently, nanodiamonds found in a layer of dark soot point to a
set of Tagish Lake-esque impactors as the cause of a widespread extinction event across
North America some thirteen thousand years ago. If past impacts are any indication, these
delicate black rocks may be among the most hazardous objects in our solar system.
There are no definite numbers regarding the risks of future impacts, but crude
estimates have been made. Based on geological records and what we know of Earth-crossing
asteroids, a kilometer-sized impactor is thought to hit the Earth once every hundred thousand
years or so, on average. Such a hit would cause massive destruction wherever it landed and
kick enough debris into the atmosphere to seriously alter the Earth's climate for hundreds of
years. A bigger impactor, like the one that killed the dinosaurs, comes along maybe once
every ninety million years, with obviously devastating results. At present, such an event
would bring about our own extinction.
In response to these threats, the United States Congress ordered NASA in 2005 to
increase their tracking of near-Earth objects to ninety percent of objects 140 meters across or
larger. But they've been slow to come up with funding.
Over lunch at the University of Calgary, Hildebrand pointed out that more money has
been spent on making asteroid disaster movies like Armageddon or Deep Impact than on
actually monitoring the objects themselves. NASA and other organizations have been doing a
decent job with limited resources, but there remains the possibility that the first we'd know of
a major impact would be a burst of light in the sky, a great wall of water rushing in from the
ocean, or the trembling of the ground beneath our feet. It could happen at any moment.
But all things considered, the probability of a major impact occurring in the next
hundred, or even thousand years is extremely low. The real danger of the carbonaceous
chondrite, or of any type of meteor for that matter, said Hildebrand, is apparent in Tagish
Lake. Fireballs of lesser size occur almost annually, appearing at random in the skies above
any part of the world. Considering the spectacle caused by the four-meter Tagish Lake
meteorite, the stunning, eerie light show it created and the tempers that flared in its wake, the
fear and the suspicion and the rumors it spurred-what would happen if such a stone came
down not over the docile Canadian north, but instead over a potential war zone, where
nervous commanders sit with access to nuclear launch codes? This, Hildebrand said, is a
much more likely scenario.
With the advent of our high-tech weapons, stakes have been raised in the longstanding
struggle between myth and science.
Amidst the stack of scientific literature I've collected on the Tagish Lake meteorite, I
came across a staggering title: "Biomarkers and Microfossils in the Murchison, Rainbow and
Tagish Lake Meteorites." Richard Hoover, an astrobiologist at the NASA Marshall Space
Flight Center, claims to have found fossilized microbes amidst the mineral matrix of Tagish
Lake. In fact, he says in the paper, he has found these fossils in every carbonaceous chondrite
that he's ever looked at.
If his claims are true, this would be the scientific news of the century; it would imply
that life had arisen in some of the earliest condensations of planetary material, and thus it is
likely to be present in every possible niche in our solar system, and in others. We would have
to reexamine what we think of as our place in the universe, and get used to the idea that the
stars are teeming with unknown creatures. But despite this vast significance, there seems to
be no debate, no controversy surrounding the paper.
I asked Hoover why other researchers weren't responding to his findings. He said
simply, "They won't look."
So I brought it up with Mike Zolensky, the mineralogist at Johnson Space Center.
"People have been reporting those things for a hundred years in meteorites, and I think it's all
bogus," he said. Many interesting structures are present in meteorites, and every so often, one
or several of them are claimed to be evidence of life in outer space. So far, such claims have
been refuted or dismissed, but that doesn't deter Hoover and others making the claims.
"Sometimes people are so convinced in what they're seeing that they're hard to
convince otherwise," said Zolensky. "And that's fine-science advances if everyone fights
hard about their ideas, and then gradually you figure out what's really going on."
"I mean, we'll see, you know? You never know. People reported finding halite in
meteorites for decades." Halite, which is essentially table salt, forms in the presence of liquid
water, and it holds on to tiny pockets of that water in its crystal structure. To get water from
the dry, rocky asteroid belt seemed impossible to most meteoriticists, even recently. "It was
reported for years, and no one believed it," Zolensky said.
Then, in 1998, an H5 chondrite fell over the town of Monahans, Texas. "It was
opened up in a very dry lab, and there was halite there, and it had water inside. They dated
the halite, and it was 4.5 billion years old." After the discovery, Zolensky and others were
forced to reexamine the claims of their colleagues. "We went back and, ok," he said, "these
guys knew what they were looking at." Halite had been hiding in meteorites all along.
Tagish Lake has already brought about a similar revolution. In 2002, Keiko
Nakamura, one of Zolensky's colleagues at Johnson Space Center, reported finding distinct
globules of organic material amidst the background of mineral grains. The globules matched
laboratory simulations of structures that might form through ultraviolet stimulation of
interstellar ice. After Nakamura released her findings, researchers went back to look at other
meteorites. The globules started turning up in many previously examined carbonaceous
chondrites, and even in the cometary dust samples returned to Earth by the recent Stardust
Mission.
In 2006, Nakamura's isotopic analysis showed that the organic globules had formed at
very low temperatures, only ten or twenty degrees above absolute zero, lending itself to the
idea that the globules formed in either the very early solar system, before the sun turned on, or
perhaps even out in interstellar space. It's not life, but the implications of the discovery are
nonetheless profound-this is organic matter that predates our solar system. The building
blocks of life, then, may be scattered across the heavens.
*
Shortly after Nakamura completed her isotopic analysis in Houston, Jim Brook's
meteorites returned to Canada. Following six years of negotiation, Richard Herd, the curator
of the National Meteorite Collection of Canada, bought the original set of stones from Brook
at the price of a thousand dollars a gram. Herd's son Chris, now a professor at the University
of Alberta in Edmonton, brought the stones back himself, transporting them in a cooler in the
airline seat next to his. Waiting for him in Edmonton was a new facility, specially built to
house the meteorites, and to house any future meteorites that might call for a similar
treatment.
I asked Jim Brook if the cash windfall had changed him at all. Over the radio phone
connection out to Brookland's, he said that it hadn't. "I'm doing the same things I've always
done." The floor to his airplane hangar is in though, and the hangar itself is long finished.
From Alberta, his find is continuing to change the careers of many researchers.
Already Chris Herd has discovered formic acid, an organic compound found in ant bites and
bee stings, hiding within the stone. The volatile compound wouldn't have been detected
without Brook's careful handling-it evaporates away at room temperature.
Yet in the face of the discoveries made over the past ten years, scientists agree that
work on Tagish Lake is just beginning. Thanks to its careful preservation and its timely
recovery, the meteorite will be available to study for decades to come. Its most exciting
secrets may still be hidden inside the frozen rock. It could ultimately help tell us where our
planet came from, how the materials that led to life came to be, and through some healthy
speculation when we look up into the night sky, whether we're gazing out at a cold, lifeless
array of jewels, or at an absolute zoo.
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